Abstract: The aims of the study were to: (1) investigate factors affecting calf birth weight (CBW) and gestation length (GL); and (2) determine risk factors associated with dystocia in 1019 Holstein heifers and cows in a tie stall dairy herd. Calf sex (CS), sire, and GL were related to CBW in primiparous and multiparous cows, with no significant effect of season, age of primiparous cows (AGE) or days in milk (DIM) of multiparous cows at conception. Gestation length was affected by CS in primiparous, with a shorter GL for female versus male calves (275.7 ± 0.5 vs. 278.3 ± 0.4; P < 0.001). Also, GL was shorter in multiparous cows that calved during the cold season compared to those that calved in mild or warm seasons. Primiparous cows had a higher prevalence of dystocia compared to multiparous cows (32.1 vs. 8.5%; P < 0.001), but it was highly variable depending on sire (24.4%-60.0% for primiparous and 0%-21.1% for multiparous). In conclusion, CS, sire, and GL were related to CBW, whereas GL was affected by CS in primiparous and season in multiparous. The CBW was the major factor affecting dystocia in primiparous cows, whereas sire and twin pregnancies were factors related to dystocia in both primiparous and multiparous cows.
Introduction
Dystocia is defined as calving difficulty resulting from prolonged spontaneous calving or severe assisted extraction (Mee 2004) , whereas stillbirth refers to calf death around calving, following a gestation of ≥260 d (Mee 2008a) . Both dystocia and stillbirths are correlated (Meyer et al. 2001; Lombard et al. 2007) and are undesirable calving-related disorders that decrease fertility, milk production, and cow's productive lifespan (Fourichon et al. 2000; Bicalho et al. 2007; McGuirk et al. 2007) . In this regard, the average loss of income attributed to dystocia ranged from $96.48 to $379.61, depending on the assistance needed (Dematawewa and Berger 1997) .
Several factors have been identified as risk factors for assisted calving, with feto-pelvic disproportion the most common type of dystocia (Mee 2008b) . Although factors for heifers and multiparous cows can be distinguished, calf birth weight (CBW) has been described as one of the most important factors related to dystocia (Johanson and Berger 2003; Dhakal et al. 2013 ) and gestation length (GL) might also be influencing CBW (Dhakal et al. 2013) . Moreover, several other factors have also been identified, such as climate during the last trimester (Johanson and Berger 2003) , sire, and calf sex (CS) (Olson et al. 2009; Dhakal et al. 2013) . Although most of the increase in dystocia prevalence for male calves was attributable to higher CBW, calf body dimensions contribute to dystocia, regardless of CBW or calf sex (Berger et al. 1992) . Numerous studies have provided important information about individual risk factors associated with dystocia and stillbirths, but we are not aware of any Canadian study that has been performed using multifactorial risk assessment statistical models.
Metabolic status of cattle could also affect fetus development and subsequent calving ease, as most heifers are still growing when bred (and pregnant), whereas most cows are bred during the peak of lactation. Indeed, age at first parturition (AGE) and milk production during gestation of lactating dairy cows have recently been associated with CBW (Kamal et al. 2014) , probably due to energy partitioning between growth (heifers), and intrauterine growth of the fetus. However, the effect of days in milk at conception on calvingrelated disorders is unknown (Ingvartsen et al. 2003) .
In recent years, artificial insemination (AI) companies have provided cattle producers with the opportunity to use semen from sires with favorable estimated breeding values for calving ease, particularly primiparous females. Despite great efforts to reduce the incidence of dystocia and stillbirth in dairy cattle, both remain unacceptably high in some herds (Meyer et al. 2001; Hansen et al. 2004) . Herd management and nutrition could be decisive regarding calving ease and perinatal mortality. In this regard, higher dystocia prevalence in dairy and beef cows has been reported in confinement systems (especially tie stalls), perhaps due to inadequate exercise and mobility (Wautlet et al. 1990; Gustafson 1993) , and psychological stress (Mee 2012) . Consequently, confirming and identifying potential risk factors for dystocia in heifers and cows in a confinement system, such as tie stall, is critical to reduce its prevalence. In addition, this information is of particular importance in Canada, as 75% of Canadian dairy operations are tie-stall housing (Canadian Dairy Information Centre 2011) .
Therefore, the objectives of this study were to: (1) investigate factors affecting CBW and GL and (2) determine risk factors associated with dystocia in Holstein heifers and cows in a tie stall dairy herd in Western Canada.
Materials and Methods
All procedures were conducted in accordance with guidelines of the Canadian Council on Animal Care.
Study design
This was a retrospective observational cohort study. Herd-selection criteria included herd size, tie stall facility, quality of available records, and an established relationship with the local veterinary clinic. All cases included in the study occurred between December 2006 and March 2014.
Cattle and herd management
This study was conducted at the Dairy Research and Technology Centre (DRTC), University of Alberta, Edmonton, AB, Canada. Cows were housed in tie stalls, with ad libitum access to water. They were fed individual rations once daily at approximately 09:00, allowed 2 h of exercise during the day and milked twice daily (between 04:00 and 06:00 and 15:30 and 17:30 h). Cows received a total mixed ration formulated for lactating dairy cows according to the guidelines of National Research Council Committee on Animal Nutrition (NRC). Main ingredients were silage (barley and alfalfa), grain (barley and corn), alfalfa hay, and mineral supplements.
Replacement heifers were raised in a separate farm; they were brought to the DRTC in the last month of gestation. After weaning, heifers were housed in small groups and fed a ration to gain from 0.8 to 1.0 kg d −1 .
Approximately at 4-6 mo of age, heifers were moved to a gated counter-slope shelter facility until precalving. All the time heifers had ad libitum access to water and feed. Heifers that were ≥12 mo of age were inseminated (AM/PM rule) with frozen-thawed semen following natural or prostaglandin F2α-induced estrus. Lactating cows, after a voluntary waiting period of 65 d, were subjected to a controlled breeding program (Pursley et al. 1995) with timed-AI (TAI) performed 14-18 h after the second GnRH treatment. Ultrasonography was used to confirm pregnancy between 30 and 37 d after AI in heifers and 32 d after TAI in cows. Reconfirmation of pregnancy was performed either by ultrasonography 60 d after TAI or by transrectal palpation 90-97 d after AI.
Pregnant heifers and dry cows were kept in a separate group and transferred, 25 d prior to expected calving to a "close up" tie stall group. Cows and heifers were moved to individual calving pens within 1-10 d before the expected calving date, when farm personnel noticed that calving appeared imminent. The manager assigned a calving ease score according to the degree of assistance provided. Recognized dystocia scores were as follows: 0 = not observed, 1 = no assistance, 2 = easy pull, 3 = hard pull, and 4 = surgery needed. After calving, an early postpartum (fresh cows) group was also established to facilitate appropriate postpartum nutrition and health monitoring.
Data collection
A total of 1019 (399 primiparous and 620 multiparous cows) calving records were used in this study. The following data were recorded for each calving: date of birth, dam parity, age of primiparous cows at conception (AGE), days in milk of multiparous cows at conception (DIM), gestation length (GL), type of birth (singleton vs. twin), calf sex (CS), stillbirths, calf birth weight (CBW), ease of calving, and service sire.
In this study, dystocia scores of 1 (unassisted) or 2 (easy pull) were coded as easy calving and scores 3 (hard pull) or 4 (surgery needed and (or) fetotomy) were coded as difficult calving. The hard pull score included a manual pull by two people, chain pull, or fetal extractor (calf jack). Dystocia was defined as a difficult calving (hard pull or surgery needed) and (or) a calving resulting in stillbirth. Season was coded as cold (December-February), mild (March-May and September-November), and warm (June-August) period. Sires with 20 or more calving records were coded for primiparous (11 classes) and multiparous (13 classes) cows. As primiparous and multiparous cows were two distinct populations with regard to calving, statistical analyses were done separately.
Statistical analyses
All statistical analyses were done with SPSS package version 18.0 (SPSS Inc., Chicago, IL, USA) with the level of significance set at P < 0.05. Pearson correlations were calculated to examine associations between the continuous variables CBW, GL, and AGE in primiparous and CBW, GL, and DIM in multiparous cows. Potential intervening and confounding variables were considered after initially constructing a causal diagram. Ultimately, CBW, Sire, GL, season, AGE, and DIM were considered intervening variables, whereas CS was considered a confounding variable.
To determine factors affecting CBW and GL in primiparous and multiparous cows, analyses of variance (ANOVA) using the generalized linear model (GLM) univariate procedure were done. In the model where CBW was the dependent variable, CS, sire, season, GL, AGE (only in primiparous) and DIM (only in multiparous) were used as independent variables. When GL was considered the dependent variable, sire, season, CBW, AGE (only in primiparous), and DIM (only in multiparous) were used as independent variables.
In addition, two binary logistic regression analyses were made. The dependent variable considered in these two analyses was dystocia (0 = absence; 1 = presence) in primiparous and multiparous cows, respectively; CS, CBW, sire, GL, season, AGE (only for primiparous cows), and DIM (only for multiparous cows) were considered as independent variables. Twin calvings were excluded from these first analyses. Regression analyses were conducted according to the method of Hosmer and Lemeshow, using the logistic procedure of SPSS package version 18.0. Finally, two more binary logistic regression analyses were performed in primiparous and multiparous cows with the same dependent variable described above; CS, type of birth, sire, GL, season, AGE (primiparous cows), and DIM (multiparous cows) were considered as independent variables, and the procedure was the same as described above. Data were reported as mean ± SEM.
Power analysis for the logistic regression was conducted using the G*Power 3.1 (Faul et al. 2007) . Using an alpha of 0.05, a power of 0.80, and a two-tailed test, the desired sample size was 69, 171, and 1484 for variables with odd ratios of 2.5, 1.7, and 1.2, respectively.
Results
A total of 399 primiparous and 620 multiparous cows were included in the study population. Eighty-four (21.1%) primiparous cows had a difficult calving and 7 (1.8%) had twins, whereas 36 (5.8%) and 29 (4.7%) multiparous cows had a difficult calving and twins, respectively. Out of all the calvings recorded, 105 cows had a stillbirth (10.3%).
In primiparous cows, the age at conception was 437.9 ± 2.3 d (range 375-628) and in multiparous cows, DIM at conception was 128.6 ± 2.6 d (range 59-550).
Calf birth weight
In dams that delivered a singleton, CBW were 40.7 ± 0.3 kg (range 27-54) and 45.3 ± 0.2 (range 30-70) in primiparous and multiparous cows, respectively (P < 0.001), whereas for twins, CBW were 36.5 ± 0.5 kg (range 21-48). There was a positive correlation between CBW and GL in primiparous and multiparous cows (R = 0.35 and R = 0.34; P < 0.001; Fig. 1 ) delivering a singleton calf. Neither AGE nor DIM was associated with CBW.
Male calves were heavier than female calves at birth in primiparous and multiparous cows, with no significant effect of season on CWB (Table 1) . Based on a multifactorial analysis, CS, sire, and GL were related to CWB in primiparous and multiparous cows (Table 2) . However, there were no significant effects of season, AGE, DIM, or their interactions.
Gestation length
For singleton pregnancies, GL for primiparous and multiparous cows were 276.9 ± 0.3 d (range 247-304) and 278.6 ± 0.2 (range 249-296), respectively (P < 0.001). Moreover, dams carrying twins had a shorter GL compared to those carrying a singleton (272.4 ± 0.9 vs. 277.8 ± 0.2 d; P < 0.001). There was no significant association between GL and AGE or GL and DIM.
Gestation length was affected by CS in primiparous cows, with heifer calves having a shorter GL than bull calves (275.7 ± 0.5 vs. 278.3 ± 0.4; P < 0.001). There was no significant effect of season on GL in primiparous cows.
However, in multiparous cows, GL was shorter in cows that calved during the cold season compared to cows calving in mild or warm seasons (Table 1) .
Based on multifactorial analysis, factors that affected GL in primiparous and multiparous cows are shown (Table 3 ). Sire and CBW were associated with GL in primiparous and multiparous cows. Moreover, CS and season were associated with GL in multiparous cows. However, there were no significant effects of AGE, DIM, or their interactions. Note: Within a column and category, values without a common lowercased italic letter differed (P < 0.05). Season of calving: cold (December-February), mild (March-May and September-November), and warm (June-August).
Dystocia
Overall dystocia prevalence was 17.8% (181/1019); primiparous cows had a higher prevalence compared to multiparous cows (32.1 vs. 8.5%; P < 0.001). Furthermore, the prevalence of dystocia was highly variable, depending on the sire (ranges: primiparous = 24.4-60.0%; multiparous = 0%-21.1%).
First, two binary logistic regressions indicated factors related to dystocia in primiparous and multiparous cows carrying singletons. In primiparous cows, based on the odds ratio, the likelihood of dystocia was higher in cows delivering heavier calves (factor of 1.10 kg −1 increase).
Primiparous cows pregnant with SireP 8 and 9 were 4.0 and 3.2 times more likely to have dystocia than the remaining cattle (R Nagelkerke = 0.130; P < 0.001). In multiparous cows, based on the odds ratio, the likelihood of dystocia was higher in cows pregnant of SireM 3 and 6 by a factor of 5.1 and 6.3, respectively (R Nagelkerke = 0.112; P = 0.004). Factors affecting dystocia in primiparous and multiparous cows carrying twins and singletons are shown in Table 4 . In primiparous cows, the likelihood of dystocia was higher in cows delivering a male calf or twins compared to female and singleton calves (by a factor of 1.7 and 5.5, respectively). Primiparous cows pregnant of SireP 9 and 10 were 4.5 and 5.1 times more likely to experience dystocia compared to remaining cattle. In multiparous cows, twin pregnancies were more likely than a singleton to result in dystocia (by a factor of 3.8). Multiparous cows pregnant with Sires 4 or 7 were 5.3 and 6.3 times more likely to experience dystocia than the rest of cows. Note: SireP: sires used in primiparous cows, 11 classes; SireM: sires used in multiparous cows, 13 classes. AGE: age of primiparous cows at calving; DIM: days in milk of multiparous cows at breeding. Season of calving: cold (December-February), mild (March-May and September-November), and warm (June-August). Note: SireP: sires used in primiparous cows, 11 classes; SireM: sires used in multiparous cows, 13 classes. AGE: age of primiparous cows at calving; DIM: days in milk of multiparous cows at breeding. Season of calving: cold (December-February), mild (March-May and September-November), and warm (June-August).
Discussion
Considering the deleterious effects of dystocia in dairy cattle, it is essential to understand the basis of the problem to implement management measures and minimize its negative impact on milk production, reproductive performance, and cow comfort. The present study examined components affecting CBW and GL, the two main factors associated with dystocia. Moreover, this study provided information about other factors related to dystocia, including important differences in primiparous versus multiparous cows. Therefore, separate and distinct considerations should be taken in account in these two groups of animals, regarding calving ease and perinatal mortality.
Although CBW has been considered as the most important factor related to the ease of calving (McDermott et al. 1992) , in the present study, CBW was associated with dystocia in primiparous but not in multiparous cows. Male calves were on average 3 kg heavier than female calves. It has been reported that body weight of the newborn was closely linked to the sex of the calf (Dhakal et al. 2013) ; therefore, birth of a male calf has been reported as a risk factor for dystocia (Johanson and Berger 2003; Olson et al. 2009 ). However, this was not only due to male calves being heavier, but also differences in calf body dimensions (Berger et al. 1992) . Therefore, although CS is considered as a confounding factor that directly affects CBW, both parameters seemed to be important factors leading to dystocia only at first calving. Conversely, multiparous cows were more likely to have dystocia when delivering twins or when certain sires were used. Therefore, the incidence of dystocia in multiparous cattle was affected by factors other than CBW. The conformation of the newborn determined by the sire's side (Hansen 2000) or malposition of calves during twin calving (Mee 1991) could lead to dystocia, regardless of CBW in multiparous cows. Therefore, it can be suggested that the prevalence of dystocia could be reduced in primiparous cows by maintaining a moderate CBW, whereas appropriate sire selection and minimizing twin pregnancies were considered critical in multiparous cows.
The length of gestation was positively correlated with CBW according to previous studies (Dhakal et al. 2013) , although their association was relatively weak, probably due to the influence of calf sex on CBW. In addition, both shorter and longer GL have been associated with higher incidences of stillbirth, due to reduced viability of the newborn or increased CBW (Meyer et al. 2001; Johanson and Berger 2003) . In the present study, there was no significant association between GL and dystocia; perhaps the effect of sire on GL masked its effects on dystocia. Surprisingly, multiparous cows calving during the cold season had shorter GL compared to those calving during mild or warm seasons. Effects of late-gestation heat stress on calf development and GL have been reported (Tao et al. 2012) , so cold stress could also affect late gestation (by shortening GL). However, season of calving did not affect CBW.
The overall prevalence of dystocia in the present study was 17.8%. Certain reports had an apparently higher prevalence, attributed to definitions of dystocia and calving ease scores that varied among studies and countries. We defined dystocia as a difficult calving (hard pull or surgery needed) and (or) a calving resulting in stillbirth. Johanson and Berger (2003) analyzed 4528 records of births in Holstein cattle (between 1968 and 1999) ; the incidence of perinatal mortality was 7.1% and dystocia was 23.7%. In comparison, the present report apparently had a lower prevalence of dystocia and perinatal Table 4 . Odds ratios of the variables included in the two final binary logistic regression models for factors affecting dystocia in primiparous (n = 399) and multiparous (n = 620) dairy cows with single and twin gestations. Note: SireP: sires used in primiparous cows; SireM: sires used in multiparous cows. a R Nagelkerke = 0.098; P = 0.004. b R Nagelkerke = 0.131; P < 0.001. mortality compared to that previous report. Assistance during calving was required for 51.2% of calves born to first lactation heifers, compared to 29.4% of calves born to second lactation and greater cows (Lombard et al. 2007 ). In the present study, the prevalence of dystocia was 32.1% in primipaorus and 8.5% in multiparous cows. Therefore, it could be acknowledged that although genetic selection in dairy cattle has historically focused mainly on milk production, in recent years it has been more divergent and has considered other factors such as health, fertility, and calving ease (Hansen 2000; Berglund 2008; Mee 2008a Mee , 2008b . However, the prevalence of dystocia and stillbirth remain unacceptably high, and inappropriate sire selection seems to be a big part of the problem. Contrary to results from Kamal et al. (2014) , AGE of heifers and DIM of multiparous cows at conception were not related to CBW. Moreover, there was no significant effect of AGE or DIM on GL or dystocia. The intrauterine environment might limit fetal growth due to competition for nutrients with dam growth and (or) milk production (Wathes et al. 2008) . Thus, suboptimal growth could reduce CBW and compromise viability of the newborn. However, there is some evidence that the milk production level among cows that had given birth to low-, average-, and high-CBW were statistically similar (Swali and Wathes 2006) . Appropriate management of AGE for the first insemination in heifers and a balanced ration feed to dams could reduce these metabolic challenges, decreasing its effect on the calf and consequently on subsequent calving.
In conclusion, differences in sources of dystocia in primiparous and multiparous cows were described. In this study, CBW was the major factor affecting dystocia in primiparous cows, whereas sire and twin pregnancies were factors related to dystocia in both primiparous and multiparous cows. However, there were no significant effects of AGE or DIM on CBW, GL or dystocia. Additional studies should be performed to validate herd-level risk factors identified in this study.
